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DENDRITIC CELL STIMULATORY FACTOR 

10 mw OF THE INYENTIQN 

The present invention zetates to a dendritic cdl nfmntaioiy hctar^ to tnethods of 
wihanrfng an immune resqxmse in vtvo, methods of cqanding dendritic cdls ex vivo, and 
10 pz^mations of purified dendridc cells* and to dmdridc oeD populadms useful in 
manipulation of T cell-n»Iiated and B-ccIl inediaxed inmtune responses. 

15 

RArKnUOUNn of THR TNVFVnON 

The objective of vaccinaQon is to provide efifective immuntty by escablisbing 
P*^ iftfi> levds of antibody and a primed population of cells that can rapidly expand on 
reiKwed contact with antigen. The first contaa with andgo) during vaccination must not be 

20 injurious to the recipient and thus usually connsts of padK>genically-deficicnt antigen. 

A £requent difficulty with active hnmunizaiion piotocob is diat the vacdne antigen 
does not possess sufTident ixmiuinogenidty to promote a stnmg immune response* and 
dierefSore a sufGdent level of protection against subsequent challenge by the same antigen, 
lo addition, certain andgens may elicit only weak cell-mediated or andbody response. For 

25 many andgois, both a strong humoral response and a strong ceIl*mediatBd re^>on$e is 
dcsiiable. 

For decades, researchers have ex peri m e n ted with diverse compounds to increase 
the inmiunogenicity of vaccines. Immunopotcntiators, also known as adjuvants, of 
vaccines are compositions of matter that facilitate a strong imrxuine response to a vaccine. 

30 In addition, dse relatively weak tmrtumogenidty of cenain novel tecomhinam amigens has 
required adjuvants to be more potent Vacdnc adjuvants have different modes of acticnu 
afiecttng the imnume response both quantiadvely and qualitatively. Such modes of action 
can be mobilizing T cells, acting as depots and ahering lynqshocyte ctrculadon so that 
these cells remain bcalized in draining lynqth nodes. They also serve to focus antigen 

35 at the dte of irmnumzadon,diereby allowing aiidgen ^ledfic T cells and B odls to irtte^^ 
more cfBdendy with amigen-presendng cells. They way also srimiilatr proliferadtvi and 
cfifferemiadonof T cells and have effects on B cells, such as cnhandt^ the producdon of 
different Ig isotypes. Further, adjuvants nay sdmulate and affect the behavior of andgen- 
presenting cells, panicidariy macrophages, rendering them more efiective for presenting 

40 andgentoTcdlsandBcvUs. 
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Dcndridc ccUs are a rare and heterogeneous ocU populatioa with ifistinciive 
nxxphology and a widespread tissue distribmioii, A discussion of the dendritic ceO system 
and its ide in tnununogeniciiy is provided by Stdmnan^ ILM.» Aanu. Rev. immutioL, 
^271-296 (1991), incoxpofBied herein fay referenceL Dendritic cells dtsphiy an unusoal odi 

S sux£« and can be characterized fay the presence of the ocUsui&oe mattes 

CDM- CD86+. CDl Ic^ imC'2Q5\ CDI4+ or HLA-DR-*-. Dendritic cdls have a high 
capadsy for senddzing MHC-restricted T ceDs and piovule an efifecrive pathway for 
presenting antigens to T cells m sini. bodi self-amigeas dnring T cdl dcvelopmeat and 
foreign antigens during immuniiy. Thus, thoe is growing interest in using dendritic cdls 

10 ex vivo as nmior or infecdmis disease vaccine adjuvants. See, to example, Rononi, ci aL. 
/. Exp. Me(L^ J£Q:83 (1994). The use of dendritic cdls as hnmunostimiilatDiy agents has 
been limiied due to the low frequency of dcndridc cells in peripheral blood, die Bmited 
accessibility to lymphmd oigans and the dendritic cells' tenninal sate of diffcrendatian. 
Dendritic cells originate from CD34+ bone marrow progenitors, and the proliferation and 

15 maturation of dendritic cells can be enhanced by the cytokines GM-CSF (saigramostim, 
Leukine® Immunex Corporation, Seatde, Washington), TNF-a. c-Idt ligand (also known 
as stem ccU factor (SCF), steel factor (SF). or mast cdl growdi factor (MGF)) and 
imerieukin-4. Therefore, an agent that stimulated tfic generation of large numbers of 
funcdcmally mature dendritic cells in vivo or in vino wouM be of wide importance. 

20 

SUMMARY OF THR fNVFIsrrinM 
Ri3-ligand rfli3-ligand*' or is known to affea hcmatopwetic stem and 

progenitor cells. It was surprisingly found that flt3-hgand can also potendy stimulate the 
generation of downsneam or intermediate, cells such as myeloid precursor cells, monocytic 

25 cells, macrophages. B cells, and dendritic cells from CD34+ bone nmnow prpgeniiors and 
stem cells. The present invention pertains to a method of iTK)bilizing dendritic cells in vivo, 
expanding dendritic cells ex vivo and to purified preparations of dcndridc cells. The 
prq^aradon of purified dendritic cells according u> the invention would pcnendally find use 
as vaccine adjuvants. Also included widun die embodiments of die invention is am^hod 

30 of preparing antigen-specific T cells using die dcndridc cells mMUmd widi fli3-ligaiKL 

The invention provides fcs* die use of an ef&cdve anumnt of fh3-ligand to increase 
or makaUxe the numbers of iniermetfiaie c^ in vivo, for exainple, in the padem's 
peripheral blood, dssues or organs. While die invention relates to die generation of Kaige 
numbers of such downsueam and intemttcfiate cells (e.g., myeloid cells, monocytic cells 

35 and macrophages) from CD34^ cells udng fltS-Ugand. die focus is paiticulariy on dendritic 
cells. By increasing die quantity of die patient's dendritic cells, such cells may themselves 
be used tt> present antigen to T cells. For example, die antigen may be one that aheady 
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eidstswiddn the i)atiem,si2ch as a toincB- antigen FltS-tigand 
be nsed, therefore, to tnoe&se die numbm of dendtitie in vivo to boost a patoit's 
inmnmexesiKmse against C3d^g antigens. Aliacnativdy. fh^ligand may be adnn^^ 
pdor tD» u m c u n entl y wiih or subsequent to aditBiristiation of an am^gen to a patient for 
5 immunizaiica purposes. Tti^ as a vaccine adSnvant. fhS-Hgand can generate kige 
qoamitiesofdemiriiic tens aid other intcnzKdiatB 

tte antigen. The overall response is a stronger ami inqsraved i mmune lesponse and ram 
effocttve imrm'n^«*^"" to the antigen. 

The invention also provides a metlKxl of gmcnuing laige quantxtxes of dendritic 

10 celbcxvivo. I^owing collection of the patient's CD34^ hematopoi^ prog^ 

stem cdls, fItS-Kgand can be used to expand sudi cdls in vino (also known as ex vivo 
expansion) and to drive such CD34^ cells to differentiate into dendridc cells of the 
lyiiq>hoidorniyeloid lineage. The n»uldng collection of dendritic ceils can be admmisered 
to a patient to provide a stronger and improved immune response to an antigen. 

15 Alternatively, the resulting dendritic cells find use as a vaccine adjuvant and can be 
adroim^ened prior to. concunently with or subsequent to antigen adntinistrarion. 

The inventicm also provides a method of generating large qnantities of antigen* 
presenting dendritic cells ex vivo. Following collection of the patient*s CD34''' 
hematopoietic progcnitCH^s and stem cells, flt3-ligand can be used to expand such cells in 

20 vitro and to drive such CD34'*' cells to difTerentiaxe into dendritic cells, lite resulting 
cc^lecticKi of dendritic cdls is then exposed to an antigen and allowed to process and 
present the antigen in vitro (Uiis procedure is sometimes referred to in the art as "antigen* 
pulsing**). An alternate method for preparing dendritic cells tiiat prcsoii antigen is to 
tiansfect the dendritic cells with a gene encoding an amigen-^>ecific polypepticte. Once the 

25 dendritic cells express die antigen, die antigen-presenting dendriiic cells can be 
adntinistered to a patient. 

The invention ab^o provides for the ex vivo preparation of antigen-specific T cells. 
Following the procedures described above for preparing large numbers of antigen- 
presenting dendritic cells ex vivo, the collected antigen-presenting dendritic cells are used to 

30 generate antigen-specific T cells finmi naive T cdls tiuu have been ooUected from a patient. 
Ate the antigen has been adequaidy presiailBd to the T cells gioieiated, die antigen-5^^ 
T oeHs can be admirustered to the paiienL 

The invention also provides a mediod of augmenting an immune response in a 
patient ifaat has an infectious disease wherein the method comprises the step of 

35 admirustBring an ariKHDit of flt3-ligand sufficient to increase die patient's ruxniber of 
dendritic cells. 
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The invention also provides ft ntcthod of aiigDacnting an wtbtiiiith* xcsponse in a 
patsem dm has a cancerous or nec^lastic disease whera^ 

admioistefing an anxnint of flt3-figand sufiBdem to incmse die padent*s nnmber of 
deodddc cells. Soch ntediod provides a means id enhance die patient's tonxir-spedfic 
5 luiuuiite lesponse. 

A roedxod for enhancing a paden!*s amoimmune tDla&nce wheidn die nvdiod 
coo^nises die step of adnunistering an amount of £li3-Ugand sofiBdcm io inortase die 
padent's number of dendritic cells. Further included are pronxmng survival of 

grafts and transplanted tissues and organs. 

10 The methods of the invention can further conqsrise die use of an effective ainomit of 

a cytokine in sequential or concurrent combination with flt3-ligand.' * Such cytokines 
include, but are not Ihnitcd to, intcrteukins ("ILs**) IL-3 and IL^. a colony stimulating 
faaar CCSP) selected from the group consisting of granulocyte macrophage colony 
stimulating faaor fGNf-CSP) or GM-CSF/II^3 fusions, or odier cytokines such as TNF- 

15 aorc-kitligand. 

The invention fimher includes a dendritic cell expansbn media conqnismg odl 
growth media, autologous scrum, and flt3-ligand alone or in combination widi a cytokine 
from the grtftip listed above. 

20 

DETAH KD DESCRIPTION OF THB TNVFNTIorsi 
The invention is directed to the use of flt3-ligand to generate laige numbers of 
intennediaie cell types from CD34-i> henonjpoiedc progenitor cells and stem cells. Such 
imenncdiaic cell types include myeloid cells, monocytic cells, macrophages. B cells and 

25 dendritic cells. The large numbers of diese iniennediatc cell types are not nannally found in 
vivo and can be generated by administering flt3-ligand. Such enhancenent in overall cell 
number can augment the inunune response lo antigen in die host. Another embodiment of 
ifae inveiuion is the isolation and use of such intermediate cell types as antigen*preseming 
cells or the use thereof as vaccine adjuvants. The invention, while particularly focused on 

30 the embodinent concerning dendritic cells, is also a|^licable to myeloid, monocytic and 
macrophage cell types. 

As used herein, the term **flt3-ligand'' refers to a genus of polypqitides diat axe 
described in United States Patent No. 5,554^12, EP Ofi274S7 A2 and in WO 94/28391, 
an iiKXHporated herein by reference. A human flt3-ligand cDNA was deposited widi die 

35 Anoerican Type Culuire Collection, Rockville. Maryland. USA (ATCC) on August 6. 1993 
and assigned accession number ATCC 69382. The deposit was made under die terms 
die Budapest Treaty. Flt3-Iigand can be made according to the methods described in die 
documeius cited above. 
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llie term "11^3" refers to a gttim of intole^^ 
Fma No. 5J08,910. inooipatBted heidn by lefoence. Sudi paiypqrtides imdude 
pwnifye that have amino add sequences that aie substantially sunilar to the native human 
imeriepkin-3 ammo acM sequences disclosed, fbrcxan^ 275.598 and 

5 282,185, eadiinccnpcn'atedhcrdn by xefcm^ The tcnn "11^3" also icdttdes analogs and 
nf n^^ mrtlefailes that exhibit at least smneof thebidopcal activhy in conanon with 
native hutnan IL-3. Exemplary analogs of ILr3 are disck»ed in £P PobL No. 282,185. 
Otofbnns of DL-3 include human lL-3[Pio»Aspl5Asp^, human IL-3ISci«Asp"Asp^ 
andhomanIL-3ISerS]. A DNA sequence encoding human IL-3 protein suitable for use in 

10 tte invention is publicly availaUe from the American T^pe Culture Qdtectkm (ATOC) 
tmder accession number ATCC 67747. Hie nomendanire used herein with respea vo 
amino add ^uences in brackets designates vAdoh amino adds differ from the native 
human form. For exairqsle, human IL-3[Ser8AsplSAsp'7^ refers to a human IL-3 protdn 
in wtadh mdno add 8 has been dianged to a serine residue, amino add 15 has been 

15 dianged toan aspartic add re^due and the anuno add 70 has been chained to an a^partic 
acsdreadue. 

The term "11^** refers to a polypeptide as (tescribed in Mostey et al.« Ceil 59:335 
(1989), Idzerdaet al., 7. £xp. Med. 171:861 (1990) and Galizzi et aL. Ind. Immunol 
2:669 (1990), each of which is incorporated herein by reference. Such ILrA polypeptide 

20 indudes analogs that have an amino add sequence thai is substantially similar to the native 
human IL-4 amino add sequences described in Mosley et al., Idzerda et al., and Galisd ct 
aL and which are biologically active in that they are c^iable of binding to a ILr4 receptor, 
transducing a biological signal initiated by binding E.'4 receptor, or cross-reacting with 
anti-IL-4 antibodies. The tcnn ''1L*4*' also indudes analogs of native human IL4 

25 molecules suffideni to retain biological viiy of native human VLr4, 

As used herein, "CM-CSP refers lo a genus of protdns as described in U.S. 
Patent Nos. 5.108,910, and 5,229,496 each of which is incorporated hcrnn by reference. 
Sucii protdns indude analogs thai have an amino add sequence that is substantially sbnilar 
to native human GM-(^F amino add sequences (eg., as publicly avaOaUe ATCX^ 53157 

30 orATCC 39900), and which are biologically acdve in that diey are capable of bfatdi^ 

GM-CSF receptor, transducing a biological signal initiaiBd by binding QMrCSF receptor, 
orcross-reacdng with anti-GM-CSF antibodies. Amino acid sequences are disclosed, for 
exampte in Anderson, et aL, Proc. Natl AcoiL ScL, USA ^-6250 (1985). GGonmecdally 
available GM-(2SF (sargramoabn, Leukine^ is obtainable fiom bnmunex Corp., Seatde, 

35 WA). The term 'GM^CSP also indudes analogs of the native human GM*CSF molecules 
described in U.S. Patent Nos. 5,108,910, and 5,229,496 sufBctent to retain tnological 
activi^ of native huntan GM-C!SF. Exemplary analogs of GM-CSF include, for example. 
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those described in £P PubL No. 212914 and WO 89/03981, each of which is inc or por at Bd 
herein fay fefeitnce. Other analogs of GM-CSF also may be used to gnngtmfTf fusion 
jnoteifts with IL-3. A DNA seqi^nce encoding a particiila^y pic&zred GM-CSF inotein 
having potential glycosyladcm sites removed is pnblic^ svailafale fiom the ATOC under 
5 accession numbers ATCC 67231. 

The tenn "GM-CSF/IL-3 fusion pnndn" means a C-tcnmnal to N-ttmrnial fu^on 
of GM-CSF and IL-3. The fuaon proteins axe known and ate described m U.S. F^iem 
Kos. 5J99.942, 5,108,910 and 5,073,627, each of which is incxvpofated herein by 
lefercncc. A prefened fusion protein is PIXY321 as described in US Pbtem No. 
10 5.199,942. 

The term "c-ldt ligand** also Icnown as Mast CeU Growth I^£ar (MGF), Steel 
Factor or Stem Cell Factor (SCF), refers to a polypq}tide described in EP 423,980, which 
is incorporated herein by reference, and dsat claims priority from U.S. Patent application 
Serial No. 589,701, filed October 1, 199a Such c-kii ligand polypeptide includes analogs 

15 tha have an amino acid sequence diat is substandally similar to the native hunnan c^t 
ligand amino acid sequences described in EP 423,980 and which are biologicaUy acdve in 
that Aey are capable of binding to a c-kit receptor, transducing a InolQgical signal ininated 
by binding c-kit receptor, or cross-reacting with anti-c-kit ligand andbodies. The tenn "c- 
kit ligand** also includes analogs of nauve human c-kit ligand molecules sufficieni to retain 

20 laological activity of native human c-kit ligand. 

The term "adjuvant" refers n> a substance that enhances, augments or potcniiaies the 
host's immune response to a vaccine antigen. 

The procedure for *'ex vivo expansion" of hematopoiedc seem and progenitor cells 
is described in U.S. Patent No. 5,199,942, incorporated herein by reference. Briefly, die 

25 term means a method comprising: (1) collecting CD34+ hemaiopdcric stem and parpgcnitor 
cells from a panent from periphend blood harvest or bone marrow cxplams; and (2) 
expanding such cells ex vivo . In addition to the cellular giowdi factors described in Patent 
5,199,942, other factors such as flt3-ligand, IL-1, IL-3, c-kit ligand, can be used. 

The term "irnmiinogenicity" means relanve effectiveness of an immunogen or 

30 antigen to induce an innnune response. 

The term ^^substantially similar^ means a variant amino add Sftqucnoc pttfciaUy that 
is at lease 80% identkal to a native amino add sequence, most prdierably at least 90% 
identical. The percent identity may be deterndned, fior exanq)Ie. by conqiaring sequence 
infomiation using die GAP computer program, ver»on 6.0 described by Devereux ct aL 

35 (Nuci. Acids Res, 12:387, 1984) and available horn die University of Wisconsin Genetics 
GcKnpnter Group (UWGCXj). The GAP program utiEzes die alignroeot mediod of 
Ncedleman and Wunsch (Jl, Mol BioL 48:443, 1970), as revised by Smitfi and Watennan 



6 



W097AZ«a3 



PCTAJS96/15990 



C4iiv. AppL MaOt 2:482. 1981). The prefened defiaalt paiameias for d» GAP prDgnm 
iodude: (1) a unaiy con^aiison matrix (oontaitiing a value of I for t ri emit ics aid 0 for 
naorii^cadJass) far lUKrleotides. and the wd^jbted conyarison matrix of Gribdcov atid 
Burgess, NucL Adds Res. 14:6745. 1986. as described by Scfawartt and Dag^ioff. eds., 

5 (if PFotdn Sequence iwdStructuret Natiixial Biome&al Rcscaidi Fo und a t i on , pp. 

353-358. 1979; (2) a penalty of 3.0 far each ffipsndaa adtfidonal 0.10 penal^ for cacfa 
symbol in each gap; and (3) no penalty for end gaps. Variants may ooo^nise 
coosovativcty substituted sequences, meaning that a given amino add vesufue is ic{daoed 
by a residue having similar {^ydochemxcal characteristics. Exanqiles of ccmservative 

10 sobsdiotlons include substitution of one aliphatic residue for anodier, such aslle« Val. Leu. 
orAlafo-one another, or substitutions of one polar residue for ancMher, siK:h as between 
Lys and Ai^ Glu and Asp; or Gin and Asn. Odter such conservative substitutions, for 
example, substitutions of entire regions having similar hydmphobicity characteristics, are 
well known. Naturally occurring variants are also encompassed by the invention. 

15 P-rftfnpifc of such varionis aie pioteins that result firom ahemate mRNA splicmg events or 
from prateolync cleavage of tf« native protein, whenein the native biological property is 
retained. 

As used herein. ''vaccine*' means an organism or material that contains an antigen in 
an innocuous form. Ihe vaccine is designed to trigger an imnumpprotective response. The 

20 vaccine may be recombinant or non-recotnbinanL When inoculated into a non-immune 
host, the vaccine will provoke active immunity to the organism or material, but mil not 
cause disease. Vaccines may take the form, for example, of a toxoid, which is defined as a 
toxin diat has been detoxified but that still retains its major imnumgenic detentiinanis: or a 
killed organism, such as typhoid, cholera and policmiyelitis; or attenuated wganisms. that 

25 are the live, but non-virulent, forms of pathogens, or h nray be antigen encoded by such 
oiganistn. or it may be a live tumor cell or an antigen present on a tumor celL 

A variety of cell selection techniques are known for identifying and separating 
CD34'*' hematopdetic stem or progenitor cells from a papul»ion of cells. Methods and 
materials for identifying and selecdng such cell ^pes arc known. For example. 

30 monocltmal antibodies can be used to bind to a marker protein or snrfaoe antigen protdn 
fofund on stem orpiogenitor cells. Such markers or ceil surface andgens for hematopoledc 
stem cells inchideCD34 and Thy- 1. In one method, antibodies axe fixed to a surface, for 
exanqile; glass beads, and contacted widi a mixtun^ of cells saspocted of comainn^ stem 
cdls. Tins pennits die andbodies to bind and secure die stem cells to die glass beads. 

35 Altonatively. the antibodies can be inmhatcd with die cell mixture and the resulting 
wwnWfiiMtn n contactcd With a surface having an affinity for the andbody-cell onnplex. 
Undesired cells and ceU matter are removed providing a Tdatively pure pc^polation of stem 
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odls. Stem or pfOgoritGrceUs having the CD34i]aariQcr 

the XDCSumudtar cells in the bone manow. The amount CT>34**' stem or pn^emtor cells 
intfac p er ipl ieiflibloodisiyproxiinatdly lO-tolOO-fdidlessttianmbasieiDBnDw. 

^^itgaxd to the pankular aspects of the iitventioii, chnfiging suitafaie stem or 
5 progenitor cell selection means will depend on the desiied pheootypc of the ceD to be 
isdaiedL Hetnatopoietic stem cells are sdectable by virtne of their physical characteristics, 
such as expressing the membrane-bound fU3 r ecc ptu r, or having die following ceUular 
markers: CD34 or Thy-1. Monoclonal antibocfies diat lecQgnize any of these antigens have 
been described in U.S. Patent No. 4,714,680 (anti-My-lO) incoporated hetem by 

10 referen ce, anti-CD34 is commexcially avmlafale fiom Bccton Dickinson, Franklin Lakes* 
NJ), and ami^Thy-1 monoclonal antibodies can be itadiiy generated liSng the methods 
described by Dak:hau et aL, J, Exp, Med. 142:576 (1979), incorporated tocin by 
refe re n ce. A flt3 receptor binding pnotan also may be used, such as and*flt3 monoclonal 
antibodies or the flt3-ligand. The cell binding prcMein is brought into contact with the 

IS collected cell mixure and die combinaiion is allowed to incubate for a period of time 
sufficient to pemut the binding of the de^red cell to the cell Imuting protein. 

An alternative means of selecting die quiescent stem cells is to induce cell death in 
the dividing, more lineage-committed, cell types using an antimetabolite such as 5- 
floorouracil (5-FU) or an alkylating agent such as 4-hydiuxycyclq>hc»phamide (4-HQ. 

20 The non-quiescent cells arc stimulated to proliferate and dififerentia&e by the addition of 
growth factors that have little or no eflca on die stem cells, causing the non-stem cells to 
prolifeiate and diffenentiute and making them more vubieratde to the cytcNoxic effects of 5* 
FU or 4-HC. See Beroidi et al.. Science, 2fiZ:104 (1995), which is incoqxirated herein 
by reference. 

25 Isolation of die hematopoietic stem or progenitor cells can be pcrfoimcd by using, 

for example, afTinity chromatography, antibody-coated magnetic beads, or antibodies fixed 
to a solid matrix, such as glass beads, flasks, etc. Antibodies that recognize a stem or 
progeintorcell surface marker can be fused or conjugated to other chentical moieties such 
as biotin - which can be removed with an avidinor a stiepiavidin moiety secured to a solid 

30 support; fluorodtromes useful in fiucrescence activated ccH sorting (FACS). cm- the like. 
fteferaUy, isolation is accomplished by an imnninoafiGiuty columnu ImmunoafGitity 
ccdnimis can take any fornu but usually coiiiprise a packed bed reactor. The packed bed in 
diese bicreactors is preferably made of a porous material having a substantially uniform 
coating of a substrate. The porous material, which provides a high surface area-to-vc^uine 

35 ratio, allows for the cell ntixiure to flow over a large omtact area while m» in^ieding die 
flow of cells out of die bed. Typical std>strates include avidin and streptavidin, while other 
conventional substrates can be used. The substrate should, dther by its own properties, or 
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|)y llie ar&fidcm of a chemical nx»etyt disjd^ 

Undii^ protein sud) as a nrnodonal antibody. The m onocl on al antibodies recognize a cell 
sutaeantiigen on the cells to be sq>aiated, and aic icyincal^ fdnfaer nocSfied to 
ttoiiniDOsety. ItiswdHaiownthatbiodnhasaU^afiOm^faranadi^ 
5 ^sesc substances dtereby removably secures the monoclonal antibody to the surface of the 
paeVni bed. Such columns die well known in ibe art, see Bcrenson, ct al., /. Cell 
Biochem., l(Hh239 (1986). The column is washed with a PSS sohxtion to remove 
onboundmateriaL Tai]getcelte can be released &(»a die beads using ccHivcoiional methods. 
Immunoaffini^ columns of the type described above thai udlize bbdnylated anti-CD34 

10 mmwdofwl antibodies sectired to an avidin-coated packed bed arc (tesoibed for example, 
in per Publ. No. WO 93A)8268. A variation of this method utOizes oeD binding proteins, 
such as the monoclonal antibodies or flt3-Ugand as described above, xemovably-secuxcd to 
a fixed surface in the isohiing means. The bound cell Mndxng protein dten is contacted 
with the collected cell mixture and allowed to incubate for a period of time sofficient to 

IS peraut isolation of the desired cells. 

Alternatively, the monoclonal antibodies tiiat recognize the cell surface antigens can 
be labeled with a fluorescent label, e.g^ chromophore or fluOTophore, and separated by cell 
sorting according to the presence of absence or the amount of labeled product 

The collected cells are then expo^ to either flt3-ligand alone or flt3-ligand 

20 in oottcnnent or sequentiiil combination with one or more of the following cytc^cs: GNf- 
GF, TNF-o, IL-3, IL-4. c-kit-Ugand or GM-CSF/IL-S fusiwi protdns. CD34+ cells then 
are allowed to (^fferenuaie and comnut to cells of the dendritic lineage. The dendritic cells 
are collected and can cither be (a) administered to a patient in onler to augment the immune 
system and T-cell mediated or B-cell mediated immune responses to antigen, (b) exposed to 

25 an antigen prior to administration of die dendritic cells into a patient, (c) nansfected witii a 
gene encoding an antigdn-spedfic polypeptide or (d) exposed to an antigen and then 
allowed to process and ^nesent tite antigen, ex vivo, to T<ells effected from die patient 
followed by administraticin of die antigen-specffic T-cells to die patient 

WLoct specifically, the invention provides for die use of an effective amount of flt3- 

30 ligand to increase or mobilize dendrittoceUs in vivo, for exanqile, in the patient's 

bk)od or (Hher tissue or organs, such as tite spleen. By incteaang the quantity of the 
patient's dendritic cells, such cells may themselves be used to present antigen to T cells. 
Forcxanxple, die antigen may be one duu already exists within the patient, such as a tunw 
antigen, or a bacterial or viral antigen. Flt3-ligand may be used, dieref(B:e, to boost the 

35 patient's lymphocyte-mediated (e.g., T cell and B oeQ mediated) or tnydoid-meriiated 
immune response to the already present antigens thus potentially cnab^g a more effective 
antigen-pzcsentarion to the patient's T cells. Aliemanvely, fltS-Hgand may be administered 
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pnor to, coucuriendy with or subsequent lo admiiiistzBiion of an zad^ea to a paxient far 
uniniiiiiirttinn puiposc& Thus, as a vaccine atywant, fitS-ligand csn ggmmfr- hrg^ 
quantities of dendxitxc cells in vivo to more efifoctivdy present tfxe antigen* The overall 
lespoose is a stronger and iinpioved immune response aiid moie efiecdve immunization to 
5 tbeantigen. 

The sysiaac adxxiinistzation of flt3-iigand not only is effective as a vaccine 
adjuvant, but as discussed supnu. is effective in augmemittg an imn ni «f ic^pcmse against 
previously existing antigens. For exatnple, tbe inventors have shown that fh3-ligand 
adnmnistiation to tumor-bearing mice results in at least a significant decrease in tfie giowth 

10 xate of the nmior, and can resuh in tumor refecdon in a large pmpcnton of the mice. The 
data are presented in more detail in Example 3. Flt3-ligand therefcae is an imp o nan t 
cytokine in the generation of an effecdve imzruine re^xmse in vivo against antigoL 

Because of its ability to generate dendritic cells, flt3-ligand also finds use m 
pnmxmng the survival of transplanted tissue or oii^s. When allogenic organs or odtcr 

15 dssue is transplanted into a host they can transfer stem cells, hnmatuie dendritic cells, and 
mature dendritic cells from the donor. These cells are called passenger t}]^ and such cells 
can graft into the henKUopoietic system of the host A^tionally. stem cells, imnonne 
dendritic cells, and mature dendritic cells from die host may graft to die donor organ or 
tissue. It is possible then to establish a tolerance between the graft and the host ^ce dte 

20 immature dendritic cells from the host and donor tissue interaa with T-cells from the ^^odur 
side.** Such interaction may include die deletion of T-ceils that recognize the irajor 
htsiDConq)aiabi]iiy complex (MHC) that Use dendritic cells express. In dus way, dte donor 
cells are "screened" so dut diey fail to recognize and react against die host (i.e., no graft 
versus host disease) and the host T^ls are screened so that diey ^iul to recognize and itan 

25 agauist die graft (i.e.. no graft rejection). Thus, a munial tolerance can be achieved, and 
die graft acceptance b improved Adminisuation of flt3-ligand to the host or donor prior to 
transplantation would generate increased numbers of dendritic cdls in such host or donor 
and permit uicreased tolerance and survival of the graft 

For the growth and culture of dendritic cells, a variety of growth and culmre media 

30 can be used, and the composition of such media can be readily determined by a person 
having ordinary skill in the an. Suitable growth media are solutions containing nutrients or 
m etab ofi n additives, and include those diat are serum-depleted or serum-based. 
Representative examples of growdi media are RPMI, TC 199, Iscoves modified 
Dalbccco's medium (Iscove. et al., FJ. Exp. Med.^ 141923 (1978)), DMEM. Fischer's, 

35 alpha medium, NCTC, F-10, Leibovitz's L-15, MEM and McCOy's. Particular exatnples 
of nmrients that wUl be readily apparent to the skiUed artisan include, ser^ albumin, 
transfenin, lipids, cholesterol, a reducing agent such as 2-mercaptoethand or 
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manotfaiQglyoaDl, pyruvate* buiyratc, and a gflsoooaitiooid sudi as hydnxxmisone 2- 
heoizsizocxnattL Marc paiticiilariy« Ac standard media fnclwtefi an eticisy souioe;» vitamtns 
or oter oeD-siqipQrting orsanic compounds* a buffo sudi as HEF£S, Tns, ifaat act to 
8t8biii»d»pHof die media, various ittoiganic salts. Pudcolar xcfbenoe is made to PCT 
5 PobL Na WO 95/00632. vteiein a vaiieiy of scrum-fice ceDnlar growdi media is 
descdised, such (fisdosure is inoorporated hetdn by icfcrence. 

For any of the ex vivo methods of the invention, peripheral blood progenitor cells 
(PBPQ and periplnal blood stem ceDs (PBSC) are opiUecced using qihocas jRocedures 
known in the ait. See. for example. Bishop et aL, Blood, voL 83, Na 2, pp. 610-616 

10 (1994). Briefly. PBPC and PBSC ar^ collected using convcnttanal devices, for example, a 
Hacmcnetics Model VSO aphere^ device (Haemonetics, ^aimiee, MA). Four-hour 
collections are performed ^ically no more than five times weekly until, for example, 
approximately 6.5 x 10^ mononuclear cells (MNQ/kg pattern are effected. The cells are 
suspended in standaid media and then centrifiiged to lenaove red blood cells and 

15 imttnqihils. Cells located at the interface between the two phases (also known in the an as 
die buffy coat) are withdrawn and resuspended in HBSS. The suspended cells are 
predomittantly iiKmonuclear am! a substantial portion of die od3 mixture aie eariy soem 
cells. The resulting stem cell suspension then can be contacted with biotinylated anti-CD34 
monoclonal antibodies or other cell-binding ineans. The contacting period is maintained foe 

20 a sufficient dme to allow substantial interacdcsi between the aiui-CD34 mcmodonal 
antibodies and the CD34 antigens on the stem ceD surface. Typically, times of at least one 
hour are sufHcienu The cell suspension then is brought into contact with the isolating 
means provided in the kit The isolating means can comprise a column packed with avkUn- 
coated beads. Such cohimns arc wtl\ known in die an, see Bcrenson, et al., J. Cell 

25 Biochem,, i0Q;239 (1986). The column is washed widi a PBS solution to remove 
tmbound material Target stem cells can be released from dte beads and from anti-CD34 
monoclonai antibody using conventional tnethods. The stem ceils obtained in this manner 
can be fkozen in a controlled rote fteezer (e.g., Oyo-Med, Mt Oeinens, MI), then stored 
in die vapor phase of liquid nitrogen. Ten peroem dimediylsulfbxide can be used as a 

30 cryoprotectanL After all collections from die donor have been made, the stem cells are 
thawed and pooled. Aliquots containing stem cells, growth mediimi, such as McCoy's 5A 
medium, 03% agar, and at least one of die expansion factors: recombinant human GM- 
CSF, IL-3. lecombiiumt human fltS-ligand. and l ec omWinnm human GM-CSF/IL-3 fusion 
motecoles (PIXY321) at concermations of q^yproximately 200 UAnU are cultured and 

35 e9qfiaiukdat37*CinS% C(>2infidly huniidifiedab'for 14days. Optianally, human 
la or ILrA may be added to dm cultums. Hie most prefcired oomlnnaticni of expansion 
foctors comprises Ht3-ligand plus etdier 11^3 or a GM-CSF/IL-3 fusion proteb. 
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¥ar in vWo adininisiration to humans. fltS^igaod can be fir»np«ifltgd accoidi^g to 
known jnetfaods used to prqmt: pharmaccudcaUy useful compositions. FltS-lilgand can be 
oomMned in adnrixnnre, cither as the sole active maicxial or witb c^ier known active 
materials, with phanmcemically suitable diluents (e.g., Tdfr-HCl, acetate, jribospliate). 

5 pteservativcs (c.g., Thimerosal, benzyl aloohoL paiabens)« emulsifieis, soiul^lizers. 
adjuvants andAsr cazriers. Suitable canriers and their fonnolattoos aic described in 
Rcmittgion's Phannaceutical Sciences. IGth ed. 1980!» Made Pubtidiing Co, In o'fdiTimii 
sudi oonqxiadons can contain fli3*ligand conqilexed with polycAylene glycol (PEG), 
metal tons, or incoipomted into polymeric conqxninds such as polyacctic acid, polyglyoolic 

10 acid, hydrogds, etc., or incoiporatcd into liposomes, tnicroemulsicHis, ™«^iii>ff, 
unilamellar or multilamellar vesicles, ciythiocyte ghosts or sph'doblasts. Such 
com(K>sitions will influence the physical state, solubility, stability, rate of in vivo release, 
and rate of in vivo clearance of flt3-ligand. 

Flt3-ligand can be administered topically, paicntcrally. or by inhalation. The tem 

IS " parenteral *' includes subcutaneous injections, intravenous, intramuscular, imradstcmal 
injecdon, or infusion techniques. These compositions will typically comain an efifecnve 
amount of the flt3-ligand. alone or in combinadon with an ef&cctve amount of any odier 
active material. Such dosages and desired drug concentrations contained in the 
oomposidons may vaiy depending upon many factors, including the intended use, pattent*s 

20 bod|y weight and age, and nnite of administration. IMiminaiy doses can be d^eranned 
aoooiding to ammal tests, and the scaling of dosages for human administradon can be 
pcrfomned according to an-accepted practices. Keeping the above descripuon in mind, 
typical dosages of flt3-li£and may range from about 10 \ig per square meter to about 1000 
pig per square meter. A preferred dose range is on the order of about 100 |ig per square 

25 meter to about 300 ^g per square meter. 

In addition to the above, the following exan^les are provided to illustrate particular 
embodiments and not to Umit the scope of the invendon. 



EXAMPLE 1 

30 Qpnerfltiftti nf n^driflr PrtR 

This Example describes a method for using fltS-ligand to generate lar;^ numbers of 
dend ritic cells ex viva Oells having the Q>34'*' pbenotype am isolated as described above, 
for example, first fay generaring a buffy coat of cells using a procedure described supra. 
35 Cells from the buffy coat are then incubated with a CD34 spedfic monoclonal antibody. 
Tte €034"^ cells which are selected Uienaiecubttred in McCoy's enhanced msdia widi 20 
ngM each of GM-CSF, 1L*4. TNF-o. or 100 ng/al flt3-Ugand or c-kit ligand. The 
cidtuie is condnued for approximately two weeks at 37 *C in 10% CQ2 in hmnid air. Cdls 
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then ate soned by flow cyum^oyfbrCDla'^ and HI^-DR^ The ooodHnatiod 

of GM*CSF, IL-4 and TNF-a. lesnlted in a ax to seven-fold imxease in lite onmbcr of 
cells obtained after two weeks of cultort. The cctnWnation of fli3-UgaiMJ and c-ldt Hgand 
lesnlted in an Bddidvel2-13*foU increase in abolnteodlnim^^ lUs cooeiated with an 

5 expansion wididdierfli3-figand<rc4dtQgand<ff ID a 34-^ 

condnnatianof flt3-ligandandc-kitligand, Pbeno^pic analy^ of tte odls showed that 
between 60-70% of the cells were HLA-DR-*", with 40-50% of die cdls 

caqnessing G^la in all foccor combinations exannned. The adtfition fltS'ligand increased 
theabsolmenumberofCDla'*' cells by Mold. c-KIt ligand increased diose cells by 6.7« 

10 fold and d&econ^nadon ttffltS-ligand and c-kii ligand by 11-fold. Fmictional analyns of 
dte resultant cdk in an MIJ( revealed that the presence of fltS-Ugand or c4dt ligand di^ 
affect die stimulatory capacity of the resultant dendridc cells while increasing the numbers 
attained. 

15 EXAMPLE 2 

This Example describes a method for using fli3-Ugand for dendridc odl expansion. 
Prior to odl collection, h may be desirable to mdnlizc or increase the numbers of 

20 dreolating PBPC and PBSC Mobilization can inqvove PBPC and PBSC coQecdon, and 
is achievable through the intravenous adntinisnation of fltS-ligand or sargranxntim 
(Leukine®, bnmunex Corporation, Seattle, Washington) to the patients |mar to collection 
of such cells. Other growth factors such as CSF-l.GM-CSF.c4di ligand, G-CSF, EPO, 
TUU 11^3. IL-4, IL-5, IL-6. lL-7, IL-S, 11^9. tt..l0, IL-ll, IH2, IL-13, IL-14, 

25 n^l5, GM*CSF/IL-3 fusion proteins, LIF, FGF and comtnnations diereof, can be 
likewise administered in sequence, or in concurrent combination with flt3-ligaTttL 
Mobilized or non-mc^lizcd PBPC and PBSC are collected using aphereans procedures 
known in the an. See, tor example. Bishop et al.. Blood, voL 83, No. X, pp. 610-616 
(1994). Briefly, PBPC and PBSC are collected using conventional devices, for example, a 

30 Haemonedcs Model V50 aphetesis device (Haemonedcs, Braintree, MA). Four-hour 
otdlections are peifomied typically no more dian five tin^ weekly imtil uppioxiiiiatdy 6.5 
X 10^ mononuclear cells (MNQ/kg padent are collected. Aliquots of collected PBPC and 
PBSC are assayed for granulocyte-macrophage colony-fonmng unit (CFU-GM) content by 
<fihiting appraxiinately 1:6 with Hank's balanrtd salt sohidon without caldum or 

35 magnesiuro (HBSS) and layering over lynqdtocyte separation medunn (Oiganon Teknika, 
Dudiam, North Carolina). Following centrifiigation, MNC at die intofim are collected, 
washed and resuspended in HBSS. One ndUiliter aliquots containing cqspioximatdy 
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30(UX)0MNC, modified McCoy's 5A medium. iLVSb agar^ 2noiTfany.Ty-CTTnHPimT 
GM-CSF, 200 oAnLieccmibinant human IL-3, and 200 oAnL ncombdnant human O-CSF 
a]»cidtiiiedat37'Cin5%GQ2bfuUyluxiid^ OpdonaUy* flt34ig8iid 

or GM«CSF;iU3 fiision molecules (PDCY 321) may be added to dm cnUmes. These 
5 cultures aie stained with Wrighfs stain, and CFU-GM colomcs are scoied using a 
dissecdi^ micioscqpe (Ward et al^ Ejqp. HematoU 16:358 (1988). Alcenmtivdy, CFU* 
GModonies can be assayed using the CD34/CD33 flow cytomctiy medsod of Siena et al.. 
Bloody Vol 77, No. X pp 400-409 (1991), or any other nttdiod known in the art. 

CFU*GM containing cultures are frozen in a controlled rate fteezer (e.g*, Dyo- 

10 Med, Mt Clemens, Ml), then stored in die vapor phase of liquid nitrogen. Ten p ciccm 
dimctbylsulfoxide can be used as a ciyoprotectant After all coUecticRlS fmn the patient 
have been tnade, CFU-GM containing culnires are thawed and pooled. The thawed cell 
collection is contacted with flt3-ligand cither alone, sequentially or in concurrem 
combination with other cytokines listed above. Such exposure to flt3-ligand will drive die 

15 CFU-GM to dendritic cell lineage. The dendritic cells are rdnfiised intravenously to die 
patient 

Use of Flt3*K m Augmenting Anti-tumor Titimnn^ Ut^nan^^ 

This Example de.^bes a method for using ilt3*L to augment ami-tumcH' immune 

20 responses in vivo. Female CS7BL/10J (B 10) nnce (The Jackson Labonitoiy, Bar Harbor, 
ME) were injected with 3 x 10' viable B10.2 or B10.S fitnosaxcoma tumor ceUs by 
intradermal injecdon in a midline ventral position in a total volume of 50^1. The 
fibff^aicoma B10.2 and BIOJ lines are of BIO origin and have been described previously, 
sec Lynch ct a.. Euro, J. ImmunoL 21:1403 (1991) incorporated herein by rcfeiencc. 

25 The fibrosarcoma 610.2 line was induced by subcutaneous implantadon of a pairafin pellet 
containing S mg of methylchohimhrene, and the B103 fine was induced by chronic 
exposure to ultiavtolet radiation. The tumor cell lines weie maintained in vim in a- 
modified MEM containing S% FBS, 2nM L-glutamine, SOUAnl penicillin and 50 (igAnl 
sttcptomycin. Recombinant human flt3-L (lOiigAnjection) was administered on a daily 

30 basis over a 19-day period (unless otherwise noted) by subcutaneous injecdon in a total 
vcriume of 100 |il. Cbntrol imce were similariy injected wiOi a similar vohxme of buffer 
c ont ai ni ng 100 ng MSA. Tumor growth rates were d eteiiuln ed by plotdng the tumor size 
versus time after tumor challenge. Tumor &2e was calculated as die prodoct of two 
pexpendicular diameters, measured by calipers, and is expressed as die n^an tumor aze of 

35 only those mice bearing a tumor within a paiticular treatment group. Hie number of noce 
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beanng tumors conqiared to the number challenged for each u t au ne m gitntp at the 
tennuiaticm of an e3q)enincm are sho^ in Ae dat^ 

iTomTabteI.thedataisaam9ii]atioaof mdi^^ tnmor- 
beanng mioe were either treated with flt3-Iigand or MSA. Goo^lefie tumor itgressittt was 

5 dbseirvedia 19 of SO fltS-ligand treated imoe Campari 

QlOOOl using Hshers Exact Test). The observation that the ntc of mmflr growth in £b3- 
l^gand treated mice (inean tumor size in tumor-bearing mioe at week S post-tnnxxr chaUenge 
was 60-4/- 8 mm^ was significantly reduced compared to MSA-treated ndoe (mean tumor 
dzeat weeks post-tumor challenge was 18S 47- 17 ma?) was also confirmed (p.O001 by 

10 Analysis of Variance). 

TABLE I 

Fibrosarcoma A Flt3*L Composite of Six Experiments 
Tumor Size (mm') 

IS 



Weeks Post 

Tumor 
Challenge 


MSA Control 
(lOOngAlay) 


Standard Error 


(lOtigAday) 


Standard Error 




6 




6 


A 


1 


25 


i.6 


24 
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1 


62 




4* 


i.6 


i 




m 


4$ 




4 


149 






i 


5 




16.^ 




fi.4 



Tumor size was sharply retarded with flt3-ligand compared to the control Therefore, the 
data show that fli3-Ugand is an imponani cytokine in the augmentation of the immune 
response against foreign antigens, and in particular against cancer. 
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Wbatisdaimedis: 

1. A mthftd fbrfliigmgnting an immime teiEpoaKft in apatient ennn pffiiEing tlift ittgp 

of administeiing an amount of fltS-Ugaiui to the padem 
in the nomber of the patient's dendritic ceils. 

2. A ii»diod according to claim l«fimherconqnisingtfie step 

or mm of the molecules selected £tom the gmupccmdsting of GM-CSF,n^IKF- 
o. IL-3. c-icit ligand, and fusions of GM-CSF and IL-3. 

3 . A method for augmenting an immune response in a patient having an infectious 
disease, comprising the step of administering of administering flt3-ligand in an amount 
sufficient to generate an increase in the number of the patient's deodrioc cells. 

4. A method aocoidi ng to claim 3. further compri^g the step of administering one 
or more of the molecules selected from the group consisting of GM-CSF. TNF- 
o, ILr3, c-kit ligand, and fusions of GM-CSF and IL-3. 

5 . A method according to clahn 3, wherein the infectious disease is HIV. 

6. A method for augmenting an immune respcHise in a patient having a cancerous 
or neoplastic disease, comprising the step of administering flt3-ligand in an arrxiunt 
sufficient to generate an increase in the number of the patieru's dendritic cells. 

7 . A method according to daim 6, further ooniprising the step of administering one 
OTmoxe of the molecules selected from the group consisting of GM-CSF, IL-4, TNF- 
o, IL-3, c-kii ligand, and fusions of GM-CSF and IL<3. 

8 . A preparation of dendritic cells having at least two cell suri^ markers selected 
from the group consisting of CDla» HLA-DR and CD86, produced by COTtacting 
hematopoietic stem or progenitor cells with flt3-tigand. 

9 . A dendritic cell preparation according to daim 8 produced fiinfoer by contacting 
Ae hematopoietic stem or progenitor cells widi a molecule srlfrt^ fiom the group 
consisting of GM-CSF, IL-4, TNF-o, 0^3, c-kit ligand, and fusions of GM-CSF and 
IL-3. 
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10. An antigen-expressing dendritic oeUpopul^^ 

(a) coiitacting bcnfflKq)oietie stena a-piogenitor cells 
amonnt sufiOcient to generate a dendritic cell po pa l atfon ; 

(b) either 0) exposing the todtitic odls to an anlig^ik-qiedfk 
transfecting the dendritic cdls with a gene encoding an am^gen-specific pqrtide; 

(c) allowing the dendritic cells to process and oqncss the antigen; and 

(d) purifying the antigen*expresang dendritic cells. 

11. A dendritic ceU population according to claim 10 u^erdnstqr(a) of die pzDC^ 
further comprises contacting the hematopdedc stem or progenitor cells with a molecule 
selected from the group consisting of GM-CSF, IL-4, TNF-a, IL-3, c-kit ligand, and 
fusions of GM-CSF and IL-3. 

12. A media) of driving hematc^ietic stem or pragenitor cells to adoidritic cell 
lineage comprising cuniacdng such hematopdedc stem or progenitor cells with fll3- 
ligand. 

13. A method of preparing an antigen*pie5enting dendritic cell population 
comprising the steps of: 

(a) contacting: henutopoieuc stem or progenitor cells with flt3-iigand in an 
annuni sufficient to ^lencratc a dendrinc cell populadon; 

(b) either (i) exposing the dendritic cells to an antigen-spedfic peptide or (ii) 
transfecting the dendritic cells witfi a gene encoding an antigen-qyedftc peptide; 

(c) allowing the dendritic cells to process and express the antigen; and 

(d) purifying die antigen-expressing dendritic cells. 

14. A method according to claim 13, wherein step (a) fbnhcr conE^rises contacting 
die hematopotedc stem or progenitor cells with a molecule selected from the groiqi 
consisting of GM-CSF, IL-4, TNF-ou 11^3. c-kit ligand, and fusions of GM-CSF and 
IL-3. 

15. A method of preparing antigen-spedfic T cells comprising the steps of: 
(a) contacting hematopoietic seem or progenitor cells with fU3-Hgand in an 

amount sufficient to generate a dendritic cell population; 
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(b) dther (i) exposing the dendritic cells to an antigea-S|>ecific pqptidc or 60 
nansfcctinsihedendridc ccUs with a gate encoding an antigea-spedficpqptide; 

(c) allowing the dendritic cdlstopiooessaadoqiiessdieantigBD;a]id 

(d) aUowing the dendritic cells to present the antigen to T cdls. 

16. A voethod of enhancing a manunal^s immune response to a vaccine antigen* 
conqtrising the steps of administering to sudi mammal an inmmnogenic anxnmi of the 
vaccine antigen and an immimogenidty-augroenting amount of fkS^igand in ooncunrent 
or sequendal combination with such vaccine antigen. 

17. A vaccine adjuvant comprising a molecule selected from the grot^ ccmsisting of 
c-kit Ugand and flt3*Hgand. 

18. A method for inducing tolerance of graft tissue in a host, conqirising 
adminisiering flt3-lifand to die host in an amount sufficient to increase the number of 
dendritic cells. 

19. A dendritic cell expansion media comprising an effecdve amoum of fIt3-Ugand 
and a cytokine selected from the group consisting of 11^3, IL-4. GM-CSF, TNF, C-Kit 
ligand and GM-CSF/IL-3 fusion proteins. 
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